Introduction
Inherently acentric molecules can provide building blocks for the synthesis of new framework materials with promising ferroelectric and second-order nonlinear optical (NLO) behaviour. For example, potassium dihydrogenphosphate is a well-known ferroelectric material with discrete PO 4 3− tetrahedra [1] . The dichromate anion [Cr 2 O 7 ] 2− , is another attractive candidate in this series for study. The advantage of the use of dichromate over molybdate and tungstate as bridging ligand lies in the simplicity of the solution equilibria: molybdate and tungstate tend to undergo complicated hydrolysis to give a variety of species, whereas only chromate and dichromate are involved in a dynamic equilibrium [2] . HCrO 4 − and [Cr 2 O 7 ] 2− remain in equilibrium between physiologically accessible pH values of 5 -6. Nowadays, metal complexes containing CrO 4 2− or Cr 2 O 7 2− as a ligand are gaining more and more attention owing to their spectroscopic [3, 4] , structural [5, 6] , magnetic, thermal [7, 8] and catalytic [7] properties.
Chromate and dichromate complexes have long been recognised for their genotoxic and mutagenic effects in living cells, leading to the development of cancer in humans [9] . Considering the redox pathways of the carcinogenic Cr(VI) anion and the interac-0932-0776 / 07 / 0400-0495 $ 06.00 © 2007 Verlag der Zeitschrift für Naturforschung, Tübingen · http://znaturforsch.com tion of its metabolites Cr(V), Cr(IV) and Cr(III) with DNA [10 -12] , the lowering of its mutagenic activity has been explained by the mode of the chromate ion binding to the metal-organic ligand core. Metal chromate(VI) complexes with 1,10-phenanthroline or 2,2 -bipyridyl, tested by the standard Ames test, exhibited significantly lower activity than the reference compounds potassium dichromate and potassium chromate [13] . As the observed carcinogenicity of Cr(VI) depends on the ability of its oxoanions to cross the cell membrane by the anion-transport system, the symmetry of the Cr(VI) species may influence the effectiveness of this membrane crossing and here lies the importance of the coordination chemistry of complexes with chromium(VI) anions (chromates, dichromates, polychromates etc.) [6] . Previously we have reported one dichromato-bridged Ni(II) polymeric complex [14] . In continuation of our investigations we report here the synthesis, spectroscopic and electrochemical studies and X-ray crystal structure of a new copper(II) complex bearing a dichromate anion in coordination.
Results and Discussion

Infrared spectrum
The solid state Fourier Transform infrared spectrum of the complex is fully consistent with its crys-tal structure. 
UV/vis spectrum
Although the electronic spectra of the copper complexes with multidentate Schiff base ligands are not in general good indicators of geometry, they do help to support it. The solution electronic spectrum of the title complex in acetonitrile solution shows a d-d transition band at 645 nm (broad) and two ligand-tometal charge transfer (LMCT) bands at 370 nm (ε = 3900 M −1 cm −1 ) and at 270 nm (ε = 3200 M −1 cm −1 ).
The bands in the region 464 -337 nm may be assigned to the n-π * transitions of the azomethine group. In the spectra of this type of complexes, the bands due to the azomethine chromophore are shifted to lower frequencies indicating that the imine nitrogen atom is involved in coordination to the metal ion [17] .
Cyclic voltammetry
The electrochemical activity of the compound was studied using tetraethylammonium perchlorate as the supporting electrolyte at a scan rate of 50 mV s −1 . A one electron reductive response is observed, which may be due to the following electrode reac- 
Room temperature magnetic susceptibility study
The complex as a solid exhibits r. t. magnetic susceptibility as expected for isolated d 9 transition metal centres. The effective magnetic moment (µ eff ) value is found to be 1.74 B.M. at 300 K. The value is consistent with the expected spin-only magnetic moment of a S = 1 /2, Cu (II) d 9 electronic system.
X-Ray crystal structure of the complex
The title complex crystallises in the monoclinic space group P2 1 /c. A perspective view of 1 with the atom numbering scheme is presented in Fig. 1 as an ORTEP plot, and the packing diagram is shown in Fig. 2 (displacement ellipsoids are drawn at the 50 % probability level for non-hydrogen atoms). Selected interatomic distances and angles are provided in Table 1 In the cationic part, the neutral Schiff base ligand, L 1 , is tetradentate, coordinating via two imino and two pyridine nitrogen atoms to the central Cu(II) ion. The coordination polyhedron around the Cu(II) center can be best described as highly distorted trigonal bipyramidal (tbp). The distortion from ideal geometry may arise from the asymmetric non-planar nature of the Schiff base. The butylidene part of the Schiff base nal dichromate oxygen O(1). This coordination is common for Cu(II) with either square pyramidal (spy) or trigonal bipyramidal (tbp) geometry. Recently, some complexes have been reported in which the Cu(II) ion adopts a geometry that is intermediate between spy and tbp [18, 19] . Addison et al. [20] have introduced an angular structural parameter τ (index of trigonality) for distinguishing between a trigonal bipyramidal and a square pyramidal geometry in five-coordinate metal complexes, τ = (β − α)/60, where α and β are the two largest coordination angles.
Generally, τ = 0 indicates an ideal square pyramidal, and τ = 1 an ideal trigonal bipyramidal geometry [20] . In our case, the value of τ is 0.597 for 1, which indicates that the geometry around the central copper atom may be more precisely described as a compromise between tbp and spy structures. In other words, the complex ion exhibits a CuN 4 O chromophore coordination mode with highly distorted (3+2) (NNO + NN) trigonal bipyramidal geometry around the metal centre.
The mean basal triangular plane is occupied by the one pyridine nitrogen atom N(1), one imine ni Here the bridging character of the dichromate anion is absent unlike in other dichromate complexes [28] . The weaker tendency of the dichromate ion for coordination in comparison to the chromate ion is due to the higher negative charge of the terminal oxo atoms of the CrO 4 2− in comparison to Cr 2 O 7 2− as well as to steric factors. This observation is in line with the fact that dichromates are generally more soluble than chromates in polar media. From physicochemical and biological studies it is known that among the various forms of chromium(VI), tetrahedral CrO 4 2− ions dominate at physiological pH and are easily transported through the cellular membrane. Once they enter the cell, they oxidise its constituents and undergo a metabolic reduction, Cr VI → Cr III . The removal of this genotoxic effect can be achieved by inhibiting the redox process of the chromium(VI) through its complexation or extra-cellular reduction. To achieve this goal, the informations about the role of the "environment" around the chromium ion, the reactants concentration, the medium, the temperature is surely to be gathered.
Experimental Section
Materials
All chemicals and solvents used for the syntheses were of analytical grade. Pyridine-2-carboxaldehyde, 1,4-diaminobutane, and potassium dichromate were all purchased from Aldrich Chemical Co. and used without further purification. Copper perchlorate hexahydrate [Cu(ClO 4 ) 2 · 6 H 2 O] was prepared by treatment of copper carbonate [Cu(CO 3 ) 2 · Cu(OH) 2 ] (E. Merck, India) with 60 % aqueous perchloric acid (E. Merck, India) followed by slow evaporation on a steam bath. It was then filtered through a fine glass frit and preserved in a CaCl 2 desiccator.
Caution: Although no problems were encountered in this work, perchlorate salts in presence of organic ligands are potentially explosive in nature. Compounds should be prepared in small quantities and handled with utmost care.
Preparation of the ligand and the complexes Schiff base ligand: [NC 5 H 4 CH=N(CH 2 ) 4 N=CHC 5 H 4 N] (L 1 )
The tetradentate Schiff base ligand was prepared by the condensation of a dry methanolic solution of the pyridine-2-carboxaldehyde with 1,4-diaminobutane (2 : 1 mmol ratio) and refluxing for half an hour at 40 • C following the literature procedure [29] . 
Physical techniques
Elemental analyses (carbon, hydrogen and nitrogen) were performed on a Perkin-Elmer 2400 CHN Elemental Analyser. Copper was estimated following the standard iodometric procedure. The Fourier Transform infrared spectrum was recorded on a Perkin-Elmer RXI FT-IR spectrophotometer in the range of 4000 -400 cm −1 as a KBr disc and the UV/vis spectrum on a Perkin-Elmer Lambda-40 spectrometer using HPLC grade acetonitrile as solvent at 300 K in 1 cm quartz cuvettes. The cyclic voltammetric measurement was performed using an EG & G PARC electrochemical analysis system (model 250-5-0) under a dry N 2 atmosphere using the conventional, three electrode configuration in acetonitrile (HPLC grade) with tetraethylammonium perchlorate as the supporting electrolyte. A planar EG & G PARC G0229 glassy carbon milli electrode was used as the working electrode at a scan rate of ν = 50 mV s −1 . Formal potential E 0 = 0.5(E pa + E pc ), E pa and E pc being anodic and cathodic peak potentials, respectively; ∆E p is the peak-to-peak separation. The potentials are referenced to a saturated calomel electrode (SCE) and are uncorrected for junction contributions.
X-Ray crystallographic data collection and structure refinement
A good diffraction quality, air stable single crystal of 1 (0.08 × 0.30 × 0.43 mm 3 ) was selected and mounted on a Nonius KappaCCD diffractometer equipped with graphite monochromated MoK α radiation (λ = 0.71073Å). Crystal data were collected using COLLECT [30a] at a temperature of 123(2) K. The unit cell parameters were determined from the least-squares refinement of 25 centered reflections in the range of 3.11 to 28.18 • using ϕ and ω scans. Cell refinements were carried out using HKL SCALEPACK [30b] . No significant intensity variation was observed. A total of 26102 reflections (4723 independent reflections, R int = 0.034) were Table 2 .
Supplementary material
CCDC 618650 contains the supplementary crystallographic data for this paper. These data can be obtained free of charge from The Cambridge Crystallographic Data Centre via http://www.ccdc.cam.ac.uk/data request/cif.
